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Abstract: Objective To trace the pathogenic cause of a foodborne disease outbreak case occurred in a primary school
in Nanjing City and analyze the pathogen characteristics and molecular epidemiological relationship, providing reference
data for the source tracing and management of foodborne disease outbreaks. Methods A total of 47 foodborne disease

outbreak related samples were collected. DNA nucleic acids of all the samples were extracted and performed by Real-time
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PCR to detect the foodborne pathogens and diarrheal viruses, while the routine bacterial isolation and culture methods
were used to isolate and identify pathogenic bacteria. Drug susceptibility testing was conducted with the broth
microdilution method. The isolated strains were subjected to whole genome sequencing (WGS) and further pathogenicity
prediction and cogMLST analysis. Results Thirty samples were detected Cronobacter spp. nucleic acid positive, and all
the other common foodborne pathogenic bacteria and diarrhea virus nucleic acids were negative. Nine Cronobacter spp.
isolates (BQ1~BQ9) were obtained, including 6 anal swabs from patients, 2 anal swabs from the staff of the catering
enterprise and 1 food retention sample. The drug resistance spectra of the 9 strains were basically the same. Online
PathogenFinder predicted that all 9 strains have a high probability of pathogenicity. MLST typing showed 5 different ST
types, and the BQ3, BQ4 and BQY strains belong to ST8 type. The cogMLST analysis found that BQ3 isolated from a
patient anal swab and BQ9 isolated from a food retention sample were clustered tightly, and performed only 2 ST sites
differences, indicating these two isolate were highly homologous. Conclusion Cronobacter spp. strains were isolated from
this foodborne disease outbreak case and molecular epidemiological analysis showed that the strains from food retention
sample and one patient anal swab were highly homologous. Although Cronobacter spp. is generally considered to be an
opportunistic pathogen affecting infants and immunocompromised populations, the data from this study suggest that
Cronobacter spp. has a high potential as a causative agent of acute gastroenteritis in healthy adults and adolescents, and its
risk in foodborne diseases needs to be reevaluated. It is necessary to strengthen the surveillance of Cronobacter spp. in
people with foodborne disease and foods other than infant milk powder and complementary foods.
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genome sequencing; antimicrobial susceptibility
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Figure 1
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Table 1  Laboratory test results of 47 samples
LA LA B AT A
3% 5 R B R . BRI HYE P AT R . .
A B WA IR AR %
png LRI /% g R R
2R BT T 29 21 72.41 21 6 28.57
HER A TAEN BT F 10 6 60.00 6 2 33.33
B U AT A 3 1 33.33 1 1 100.00
i ik & B THLA 7 7 5 71.43 5 1 20.00
HEAE Al B B A 3 1 33.33 1 1 100.00
ARG 1 1 100.00 1 0 0.00
Jin T3R5 4 1 25.00 1 0 0.00
&1t 47 30 63.83 30 9 30.00
2.3.2 2yl g R Y1t 25 8 A it 25, %5 AMP L AMS . CTX . CAZ . IPM .
9 Bk va B 1 KT R R R T 14 FR b A 2R 0 SR P GEN.TET .NAL.CIP CHL  Fl SXT % Ja, it 25 1%
Fe 25 M5 R NER 2 Fron o X 9 ¥R 43 B bR X CFZ w3 s,
2 BRI D AT B A B A 2 OB N 2 1 45
Table 2 Antibiotic susceptibility and resistance results of 9 strains of Cronobacter spp.
ik R AR BQ1 BQ2 BQ3 BQ4 BQ5 BQ6 BQ7 BQS BQ9
AMP <2(S) <2(S) 4(S) <2(S) <2(S) <2(S) <2(S) <2(S) 4(S)
AMS <2(8) <2(S) 8(S) 4(S) 4(S) 4(S) <2(S) 4(S) 4(S)
CFX 8(S) 4(S) 16(1) 4(S) 4(S) 4(S) 4(S) 4(S) 8(S)
CFz A1) 4(1) 4(1) 4(1) 8(R) 4(1) 4(1) 4(1) 4(1)
CTX  <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S)
CAZ <1(S) <1(S) <1(S) <1(S) <1(S) <1(S) <1(S) <1(S) <1(S)
N IPM <0.25(8)  <0.25(S)  <0.25(S)  <0.25(S) <0.25(S)  <0.25(S)  <0.25(S)  <0.25(S)  <0.25(S)
AR/ (g/ml) <i(S) <i(8) <i(8) <i(8) <1(S) <i(8) <i(8) <i(8) <i(8)
CT <0.12(1) 0.5(1)  <0.12(1)  <0.12(1)  <0.12(I)  <0.12(I)  <0.25(I)  <0.12(1)  <0.12(I)
TET <1(S) <1(S) 2(S) <1(S) <1(S) <1(S) <1(S) <1(S) 2(S)
NAL <2(S) <2(S) 4(S) <2(S) <2(S) <2(S) <2(S) <2(S) 4(S)
cIpP <0.03(S)  <0.03(S)  <0.03(S)  <0.03(S) <0.03(S) <0.03(S) <0.03(S) <0.03(S)  <0.03(S)
CHL 4(S) 8(S) 16(S) 8(S) 8(S) 8(S) 4(S) 4( ) 8(S)
SXT  <0.25(8)  <0.25(8) <0.25(S) 25(8)  <0.25(S) 25(8)  <0.25(S) 25(8)  <0.25(S)
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3 BT O B KT 24 38 201 (n=9)
Table 3 Drug resistant spectrum of Cronobacter spp. isolates (n=9)
ik 245 3% LS Ai /%
CFzZ 1 11.10%

H EE 2E LIRS AT R 7 5 R s B 8 25 . e
AT H 4% 5 SUB1710469527263, i #& BQ1~BQ9
Xt R 8145 S NMDC40052752~NMDC40052760.
26 AL ALF 5 O3 9 MR B 4 B E T B i
FEAE B P F . BQ1.BQ2 N IA Rk e ¥ i AT
(C. malonaticus) ; BQ3~BQ9 k B I 7z % AT (C.

sakazakii) . MLST 4325 4 18 7R BQ3.BQ4.BQ9 K
ST8 %1;BQ5.BQ7.BQ8 & ST4 % ;BQ1 & ST186 %!
BQ2 4 ST7 #4;BQ6 24 ST103 #Y
2.3.4  HEBRBUREYESS T LS

PathogenFinder 1. 1778 28 544 B0 43 9 kv
VR DA R R ANt B0k TR I, X 9 BRI
FORPEBITE 0.75 DL E (R 4) , RBIEAIR A m £
AT O P 5 6] i P Z 20 B 6 RO 2023 4 &
ol 22 A UBSE W ) B il o A 5 0 Y v R AT R A
R I 357 TE B 1 o

Fd  ORRTE R I FF R 47 B B PathogenFinder 73 #7125 5

Table 4 Results of PathogenFinder analysis of nine Cronobacter spp. isolates

Key R N0 R /% B A B R AU R /% VL i B0 5 1% VL el 0% # I
BQ1 0.764 3.12 100 25

BQ2 0.762 3.02 98 24

BQ3 0.794 3.54 117 24

BQ4 0.830 3.60 126 19

BQS 0.820 3.50 128 19

BQ6 0.814 3.43 119 19

BQ7 0.830 3.23 117 16

BQ8 0.823 3.49 128 19

BQ9 0.792 3.47 114 24
2.3.5 cogMLST 73 #r4k E N = Uy sl R N A S

WA 2 T 7, cogMLST Ak b 45 5 7R 43 55
H 9 AL F 19 BQ3 Fl 43 25 [ & S 4 # AR 19 BQ9
B —3, 9 H A 24 ST A i 25 5, 5 & vy
) PR, 3 2 5w B A5 AT B P RE ) A A A VR I e o
BHAFW— AR TR o %R BE L IR M R
R FARN 9 bR B IR FT A T 5 H A 27 bR AR
SRR 11 T B AT B B 22 A5 e B 34 T I S AR AL

3 it

Xof AR YR BE BN 1R 1 5 2R K S 1 v T R A A
AT G I 45 SR s, T BE R RO S AR s 5]
b BCE B R R A BT AR - b R e B
B o 29O 45 R 8R4 B Y 9 Bk A A
it 2 3% JLF- 96 42— 8. PathogenFinder Tl % B
X9 B B AR Y OME AR HAT Bo vk, Horh 5 2 DG ER
1 8 or ik 1 ¥ A IS B R K AF 2 vE s E R E
AR o R4 L KA I 45 SR A cogMLST 43 H7 & 81,
JUE AR R S 0 55 s T T AR AS R) B 58 B AT R L 1
A3 B AR AT T 00 BQ3 FIAR B R A A X
AR B BQY ¥y 2k B i 58 i AT W (C. sakazakii) ,
MLST 43 B4 ST8 B, H A7 2 A~ ST i i 2 5%,
PR i B TR UR, 2 BH 200 19 R ) 4y 2 i 1) LA % )
Y OCHK , S B Ui 5 2 v A A O R R T 9 R
A v B SR I EE SRS

A58 0 Jmy BR AR TE TR B 0 B B R B AR AR

FE T PR [E) 09 50 2 TR . S A A
i o AR e TR 4R = AR W VO M o
BRAR SRR BR R T Y S R KB RN i R X 3 A 3
it PCR Kt 58 2 1 AT R AR P (B A 432 31 1
PR TR PR L 0 2 W5 B 22 1 S 0 R R A1 R B [ B 2
WEFTFI (C. sakazakii) W R 6 TR VE B0 28 K S 1 1
FEBR K . AT E B, 7R R RS
b, N6 B E P AR AR 2 R S Y IR AT I
PRI AR T oA 0 VR T B A A PRI M 8 FH R 4 FE R Y
A DRV ZH I 43 A T DA Bl DX 3 2 R S v i BU%
B R R R B0 B bR o SR T AS R SR AT AN B
56 A HEBR N R h v X W AT 1 (C. malonaticus) 55
&R AT REME , AR RE A5 AR T B REAS, 2 B Hh
Z TE bR Ao o3 ALIE S P BB S R BN TN R
DR EAE Y 5 AN Z 18 4L 17 1 IE 4

T 5 A 2 e Sl LIS 5 B e R
TN B KU AR, — AN A Ay i N 5 5 i 7
T AN R . AR, A IS b o3 ) A e
P& 7R vE B A T AR A A% F SO TE A T RE A {2
BB S A AF 20k i R B BUW IR W B
PP AR B P50 s v Y 2o KR o H iR B
WA JLHC 5 B A B4 LA W 2 B DL R IR
FEAS TR & T At 5 2 U AT T, PR O AR 8 e O
PP N HE B B MR B vp () v B T T S T
PR A b B
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Figure 2 cogMLST evolutionary tree of Cronobacter spp.
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